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Description 
COLLAPSIBLE VEHICLE DRIVESHAFT 

Background of Invention 
[0001] i. Field of the Invention 

[0002] one aspect of the present invention generally relates to a 
vehicle driveshaft, and more specifically, a collapsible ve- 
hicle driveshaft tube. 

[0003] 2. Background Art 

[0004] Torque transmitting shafts are commonly utilized to 

transfer rotational power from a rotational power source 
to a rotatably driven mechanism. One such example is a 
driveshaft tube used in a vehicle driveshaft assembly, 
which transmits rotational power from a power source, for 
example an engine, to a rotatably driven mechanism, for 
example an axle assembly. Typically, a vehicle driveshaft 
assembly includes a hollow cylindrical driveshaft tube 
having an end fitting secured to each end thereof. The 
end fittings can be end yokes adapted to cooperate with 
universal joints, which provide a rotational driving con- 



nection from the output shaft of the rotational power 
source through the driveshaft tube to the input shaft of 
the axle assembly. The universal joints also operate to 
limit the amount of misalignment between the rotational 
axes of these three shafts. In a specific embodiment, a 
first universal joint is connected between the output shaft 
of the rotational power source, for example engine or 
transmission, and a first end of the driveshaft tube, while 
a second universal joint is connected between a second 
end of the driveshaft tube and the input shaft of the 
driven mechanism, for example an axle assembly. 
[0005] During a vehicle collision, the driveshaft tube is in a load 
path between the barrier, for example another vehicle or 
tree, and the decelerating vehicle. The existence of this 
load path can increase the magnitude of the crash peak 
load during the collision. As a result, collapsible drive 
shaft tubes have been widely utilized that are constructed 
to be collapsible in an axial direction by plastic deforma- 
tion of the shaft upon application of an axial force of suf- 
ficient magnitude. Generally, the driveshaft tube is formed 
with one or more regions of reduced axial strength, al- 
lowing the shaft to collapse in a controlled and pre- 
dictable manner in such regions. 



[0006] one such proposal provides a process for hydroforming a 
collapsible shaft having torque transmitting splines. Ac- 
cording to this proposal, the splined portion of the shaft 
has an outer diameter that is smaller than an inner diame- 
ter of an adjacent portion of the shaft, so that the splined 
portion can deform into the adjacent portion when the 
shaft is subjected to an axial force of sufficient magni- 
tude. 

[0007] Another proposal provides a driveshaft assembly includ- 
ing a male shaft having an outer surface and a female 
shaft slidably engaged with the male shaft. The shafts ab- 
sorb energy during axial deformation of the driveshaft 
while maintaining alignment of the male and female 
shafts. 

[0008] According to yet another proposal, a driveshaft assembly 
is disclosed having an inner driveshaft tube section in- 
cluding an end portion having an outer surface and an 
outer driveshaft tube section including an end portion 
having an inner surface. A number of axially extending 
wires is positioned on either the outer surface of the inner 
driveshaft tube section or on the inner surface of the 
outer driveshaft tube section. These sections become de- 
formed so as to compress the wires in between, thereby 



preventing relative axial and rotational movement during 
normal operating conditions. However, when a relatively 
large axial force is applied to the ends of the telescoping 
driveshaft, the inner driveshaft tube section moves axially 
within the outer driveshaft tube section, thereby collaps- 
ing and absorbing energy. 
[0009] | n |jght of the forgoing, a collapsible driveshaft is needed 
that limits peak load, thereby reducing crash peak loads, 
which is more tuneable, less expensive and/or yields im- 
proved crash performance compared to conventional col- 
lapsible driveshafts. 
Summary of the Invention 

[0010] one embodiment of the present invention is a collapsible 
driveshaft including a unitary tube having an outer portion 
and a depressed portion dividing the outer portion into 
two segments. According to this embodiment, the outer 
portion has an outer exterior radius (Ro) and the de- 
pressed portion has a depressed exterior radius of Rd. 
The Ro is greater than the Rd and the difference between 
Ro and Rd is a depressed depth Dd. Accordingly, de- 
pressed portion defines an area of structural weakness in 
the shaft. It is understood that the shaft can be a drive- 
shaft in a vehicle. In certain embodiments, the depressed 



portion has tapered sides. The depressed portion can 
have a side (Sd) defined as a longitudinal length between 
the edges of the outer portion adjoining the depressed 
portion. The depressed portion can have a longitudinal lo- 
cation (Ld) along the length of the driveshaft and the Ld 
can be longitudinally centered about the Sd. The first por- 
tion can also have a width Wd defined as the longitudinal 
length between the edges of the tapered sides adjoining 
the cylindrical surface of the depressed portion. It is un- 
derstood that in certain embodiments the Ld of the de- 
pressed portion is capable of being varied depending on 
the type of vehicle having the driveshaft. The area of 
structural weakness thus described is susceptible to 
bending collapse upon exertion of a substantial force, and 
is also susceptible to axial collapse upon exertion of a 
substantial force. 
1 ] Another embodiment of the present invention is a method 
of forming a collapsible driveshaft. The method includes 
denting a unitary tube to form an outer portion and a de- 
pressed portion at a location along the length of the uni- 
tary tube. The denting thereby divides the outer portion 
into two segments. The outer portion has an outer exte- 
rior radius (Ro) and the depressed portion has a de- 



pressed exterior radius (Rd). The Ro is greater than the Rd 
and the difference between Ro and Rd is the depressed 
depth Dd. In certain embodiments, the denting step in- 
cludes placing a depression member at a location along 
the length of the unitary tube and uniformly denting the 
depression member in a substantially uniform manner to 
obtain the depressed portion having the Rd. One example 
of a depression member is an anulus ring. The anulus ring 
can have a predetermined radius and predetermined 
depth for obtaining the Rd and Wd, respectively, upon 
denting the anulus ring. The method thus described can 
further include stabilizing the unitary tube prior to the 
denting step. It is understood that the denting step can be 
repeated one or more times at different locations to ob- 
tain two or more depressed portions in three or more 
segments of the outer portion. 
[0012] According to yet another embodiment of the present in- 
vention, the collapsible shaft can include a unitary tube 
having an outer portion and a number of depressed por- 
tions Nd longitudinally centered about different longitudi- 
nal locations along the length of the tube. The outer por- 
tion is thus divided into a number of segments Ns defined 
as the number of depressed portions plus one, each seg- 



ment having an outer exterior radius (Rc^-RcO, and the 
depressed portions each having a depressed exterior ra- 
dius where each Ro is greater than each Rd. In certain em- 
bodiments, all outer exterior radii are substantially equal. 
Further, all depressed exterior radii can also be substan- 
tially equal. In certain embodiments, the shaft is a drive- 
shaft on a vehicle. 
[0013] The above and other objects, features, and advantages of 
the present invention are readily apparent from the fol- 
lowing detailed description of the best mode for carrying 
out the invention when taken in connection with the ac- 
companying drawings. 
Brief Description of the Drawings 

[0014] The features of the present invention which are believed 
to be novel are set forth with particularity in the appended 
claims. The present invention, both as to its organization 
and manner of operation, together with further objects 
and advantages thereof, may best be understood with ref- 
erence to the following description, taken in connection 
with the accompanying drawings which: 

[0015] Figure 1 is a side elevational view of a vehicle drive train 

system in accordance with one embodiment of the present 
invention; 



[0016] Figure 2 is a partially broken perspective view of a portion 
of the collapsible driveshaft assembly depicted in Figure 
1; 

[0017] Figure 3 is a sectional elevational view of the collapsible 
driveshaft taken along line 3—3 of Figure 2; 

[0018] Figure 4 is a partially broken side view of the collapsible 
driveshaft of Figure 1; and 

[0019] Figure 5 is a graph resulting from an FEA analysis of 

driveshaft acceleration versus time for a non-collapsible 
driveshaft and a collapsible driveshaft in accordance with 
an embodiment of the present invention. 
Detailed Description of Embodiments of the Present Invention 

[0020] As required, detailed embodiments of the present inven- 
tion are disclosed herein. However, it is to be understood 
that the disclosed embodiments are merely exemplary of 
the invention that may be embodied in various and alter- 
native forms. Therefore, specific functional details herein 
are not to be interpreted as limiting, but merely as a rep- 
resentative basis for the claims and/or as a representative 
basis for teaching one of ordinary skill in the art to vari- 
ously employ the present invention. 

[0021] Turning to the drawings, Figure 1 is a side elevational 

view of a vehicle drive train system in accordance with one 



embodiment of the present invention. Figure 1 depicts a 
generally conventional vehicle drive train system generally 
indicated at 10. Drive train system 10 includes transmis- 
sion 12, driveshaft assembly 14, and axle assembly 16. 
An output shaft of transmission 12 is connected to an in- 
put shaft of axle assembly 16 through driveshaft assem- 
bly 14. Driveshaft assembly 14 includes a collapsible 
driveshaft 18 according to one embodiment of the present 
invention. Since the transmission output shaft and the 
axle assembly input shaft are not co-axially aligned in 
many conventional vehicle drive train systems, universal 
joints 20 can be provided at the front end 22 and rear end 
24 of driveshaft 18 so that driveshaft 18 is rotatably con- 
nected at an angle to the output shaft of transmission 12 
and the input shaft of axle assembly 16. End fittings 25 
are typically attached to ends 22 and 24 of driveshaft 18 
to facilitate connections between ends 22 and 24 and uni- 
versal joints 20. In certain embodiments, end fittings 25 
can be slip or tube yokes. 
[0022] Having thus described one generally conventional vehicle 
drive train system, it should be understood that the sys- 
tem can be varied within the scope of the present inven- 
tion. For example, the drive train system can include a 



number (N) of driveshaft assemblies and N+l universal 
joints. In a specific embodiment, two driveshaft assem- 
blies, each having an end fitting on each end, can be con- 
nected to three universal joints, i.e. a left and right uni- 
versal joint and a central universal joint. 

[0023] Referring to Figures 1 and 2, collapsible driveshaft 18, ac- 
cording to one embodiment of the present invention in- 
cludes unitary tube 26 having outer portion 28 and de- 
pressed portion 30. In certain embodiments, unitary tube 
is generally cylindrical and elongated. Depressed portion 
30 includes tapered sides 32 and 34 and depressed exte- 
rior surface 36. In certain embodiments, tapered sides 32 
and 24 are substantially planar, although the sides can be 
curved depending on the manufacturing process used to 
form depressed portion 20. In certain embodiments, de- 
pressed exterior surface 36 is substantially cylindrical, al- 
though the surface can take on different shapes depend- 
ing on the manufacturing process used to form depressed 
portion 20. Typically, unitary tube 26 is formed from steel 
or aluminum alloy. However, other materials, such as fiber 
reinforced composites or other combinations of metallic 
or non-metallic materials, can also be used. 

[0024] Depressed portion 30 can be formed through any process 



suitable for denting unitary tube 26 to obtain depressed 
portion 30. In certain embodiments, the denting process 
provides substantial uniformity of depression diameter 
and side tapering, although an amount of eccentricity is 
acceptable for purposes of practicing the present inven- 
tion. According to one embodiment of the present inven- 
tion, the denting step is accomplished by placing a de- 
pression member around unitary tube 26, longitudinally 
centered at a location along the length of unitary tube 26. 
As shown in Figures 1 and 3, Ld is an example of a suit- 
able location. In certain embodiments, the depression 
member is an anulus ring. The depression member is 
dented to obtain the depressed portion. In certain embod- 
iments, the denting step can be carried out by any suit- 
able process that provides suitable uniformity of the de- 
pressed member. One such exchange is hammer-forming 
wherein a number of hammers apply perpendicular force 
upon the depression member at a number of different cir- 
cumferential locations of the depression. Optionally, the 
unitary tube can be stabilized prior to denting step, by, 
for example, placing the unitary tube in a vice grip and 
tightening the vice grip around the unitary tube. 
[0025] Referring now to Figures 2, 3, and 4, collectively, outer 



portion 28 has outer exterior radius Ro and outer interior 
radius 40, the difference between these two values being 
the thickness of outer portion 28, which in certain em- 
bodiments is between about 0.025 inches and 0.200 
inches. In certain embodiments, Ro is between about 0.6 
inches and 3.0 inches. Depressed portion 30 has de- 
pressed exterior radius Rd and depressed interior radius 
42. The difference between these two values represents 
the thickness of depressed portion 30, which in certain 
embodiments is between about 0.025 inches and 0.200 
inches. In certain embodiments, Rd is between about 0.4 
inches and 2.5 inches. As depicted in Figure 3, Ro is 
greater than Rd, making the depressed portion an area of 
structural weakness in tube 26. This area is susceptible to 
bending collapse upon exertion of a substantial force, and 
this area is also susceptible to axial collapse to relatively 
lesser extent. As depicted in Figure 4, the difference be- 
tween Ro and Rd is depressed depth Dd. In certain em- 
bodiments, Dd is in the range of about 0.2 inches to 3.0 
inches. 

[0026] According to Figure 4, sides 32 and 34 have taper angle 
ad. In certain embodiments, ad is between about 20 de- 
grees and 60 degrees. Depressed portion 30 has a size 



dimension Sd which is defined as the longitudinal length 
between the edges 44 and 46 of the outer portion adjoin- 
ing depressed portion 30. In certain embodiments, Sd is 
between about 0.5 inches and 5.0 inches. Depressed por- 
tion 30 also has a width dimension Wd which is defined as 
the longitudinal length between the edges 48 and 50 of 
tapered sides 32 and 34 adjoining the cylindrical surface 
of the depressed portion. In certain embodiments, Wd is 
between about 0.0 inches (representing a V-shaped pro- 
file consisting of two tapered sides) and 5.0 inches. 
[0027] | n the embodiments thus described, one depressed por- 
tion is formed in the tubular member. However, it should 
be understood that more than one depressed portion can 
be formed based on the vehicle using the collapsible 
driveshaft. In one such embodiment, the collapsible drive- 
shaft includes a unitary tube having an outer portion and 
a number of depressed portions (Nd) longitudinally cen- 
tered about different longitudinal locations along the 
length of the tube, thereby dividing the outer portion into 
a number of segments (Ns) defined as the number of de- 
pressed portions plus one, each segment having an outer 
exterior radius (Ro i -RcO, the depressed portions each 
having a depressed exterior radius (Rd -Rd ), each Ro be- 



ing greater than each Rd. In certain embodiments, all the 
depressed exterior radii are substantially equal and/or all 
outer exterior radii are substantially equal. 

[0028] Having thus described the parameters of depressed por- 
tion 30, i.e. Ld, Rd, Dd, Sd, ad, and Wd, these parameters 
can be varied for application in different vehicle parame- 
ters, thus providing a collapsible driveshaft that is tune- 
able for a wide variety of vehicles. Non-limiting examples 
of vehicle parameters include longitudinal engine transfer, 
north/south engine alignment, engine accessory stack up, 
vehicle mass, wheel drive (i.e. all wheel/rear wheel), and 
number of driveshafts in transmission assembly. 

[0029] | n one example, a collapsible driveshaft in accordance 
with the present invention can be formed for a vehicle 
having all wheel drive. A tubular member, used on the 
collapsible driveshaft, can be dented to form a depressed 
portion having the approximate parameter values dis- 
closed in Table 1. In this example, the length of the tubu- 
lar member is about 32.4 inches and the location (Ld) of 
the longitudinal center of the depressed portion is mea- 
sured from the end of the tubular member closest to the 
transmission. The outer exterior radius (Ro) for this ex- 
ample is about 1.2 inches. 



[0030] Table 1 



Parameter 


Value 


Ld 


9.3 inches 


Rd 


1 .0 inches 


Dd 


0.2 inches 


Sd 


1 .0 inches 


ad 


39 degrees 


Wd 


0.4 inches 



[0031] using these parameters, a dented tubular member was 

formed to provide a collapsible driveshaft for an FEA crash 
simulation. Crash simulations were carried out to test the 
efficacy of the collapsible driveshaft. In a first simulation, 
a vehicle was programmed with two non-collapsible 
driveshafts. The vehicle was then subjected to a simulated 
full frontal crash at 35 mph. In a second simulation, the 
same vehicle was programmed with one non-collapsible 
driveshaft and one collapsible driveshaft in accordance 
with an embodiment of the present invention. The col- 
lapsible driveshaft was located closest to the transmis- 
sion. The vehicle with the collapsible driveshaft was also 
subjected to a simulated full frontal crash at 35 mph. 

[0032] Figure 5 graphically depicts the results of these simula- 
tions, wherein the y-axis of the graph is acceleration in Gs 



and the x-axis is time in milliseconds from simulated im- 
pact. The dotted curve 52 depicts the controlled trial and 
the solid curve 54 depicts the test trial using the collapsi- 
ble driveshaft. The peak Cs for the controlled simulation 
is about 45, as depicted by curve segment 56. The peak 
Gs for the simulations using the collapsible driveshaft is 
about 39, as depicted by curve segment 58, thereby deliv- 
ering a reduction in peak Gs of 6. It should be understood 
that this is but one example of how the present invention 
can be implemented. 
[0033] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



